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METHOD FOR CUTTING FREEFORM SURFACES, 
CUTTING TOOL AND USE OF THE CUTTING TOOL 

FIELD OF THE INVENTION 

The present invention relates to a method for cutting freeform 

surfaces according to the preamble of Claim 1. Furthermore, 

the preocnt invention rclatco x to a cutting tool according to 
5 the preamble of Claim 10 and to the use of the cutting tool. 

The present invention relates to the area of cutting 
technology, particularly e.g., to HSC cutting (high-speed 
cutting) , which is also known referred to as HPC cutting (high 
10 performance cutting) . 

BACKGROUND INFORMATION 

According to the related art Conventionally , so-called 
spherical cutters are used for cutting freeform surfaces. 
15 Such spherical cutters have a tool shank and a tool head 
attached to the tool shank, a radius of the tool head 
corresponding to a radius of the tool shank in the spherical 
cutter. The tool head therefore does not protrude laterally 
beyond an outer lateral surface of the tool shank. 

20 

For minimizing undesired residual lines formed during cutting, 
the use of a spherical cutter entails restrictions with 
respect to the line spacing to be maintained between the 
cutting paths of the cutting tool. This results in a 
25 relatively high number of required cutting paths, which 

determines the time required for cutting. From the point of 
view of high-speed cutting or high-performance cutting, 
however, short cutting times €nee may be desirable. 
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SUMMARY 

Uoing thio qo a atarting point, — the prcocnt invention io baood 
on the objective of providing a novel method for cutting 
frccform ourfacco , — a novel cutting tool ao well ao a uoc of 
5 the cutting tool . 

Thio objective io achieved in that the method, — named at the 
outoct , — for cutting frccform ourfacco — io refined by the 
features of the characterizing part of Claim 1. 

10 

[ [A] ] According to an example embodiment of the present 
invention , a workpiece is cut by a cutting tool [ [in] ] such a 
way that a desired freeform surface [[is]] may be obtained. 
For cutting purposes, the cutting tool is moved along at least 

15 one defined cutting path relative to the workpiece. According 
to the prcocnt — invention, — a A cutting tool (a so-called 
special cutter) is used, the tool head of which has a greater 
radius than a tool shank of the cutting tool, without, 
however, the tool head protruding laterally beyond an outer 

20 lateral surface of the tool shank. This hao the advantage may 
provide that cutting results in low residual line formation. 
Accordingly, it [ [is] ] may be possible to increase the line 
spacing during cutting and reduce the time required for 
cutting . 

25 

According to an advantagcouo refinement of the prcocnt 
invention, — f irot First cutting paths [ [are] ] may be produced 
by using a spherical cutter, its radius of the tool head 
corresponding to the radius of the tool shank. From these 
30 first cutting paths, second cutting paths are produced for the 
cutting tool to be used, the tool head of which has a greater 
radius than a tool shank of the same. This allowo may allow 
for a particularly simple and quick production of the cutting 
paths for the cutting tool to be used. This advantagcouo 
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refinement io may be used when the CAM system used does not 
support special cutters. 

The cutting tool according to the preocnt invention io 

characterized by the fcaturco of Claim 10. The uoc of the 

cutting tool according to the preocnt invention io defined in 
Claim 13 . 

Preferred further dcvclopmcnto of the preocnt invention arc 
revealed by the dependent claimo and the following 
dcocription. 

An exemplary embodiment Example embodiments of the present 
invention [ [is] ] are explained in more detail in light of the 

drawingo, — without being limited to thio. The figurco in the 

drawing ohow : below with reference to the appended Figures . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 [ [ : ] ] illustrates a conventional cutting tool 
according to the related art in a side view-; — and^ 

Figure 2[[:]] is a side view of a cutting tool according to an 
example embodiment of the present invention in a aide view . 

DETAILED DESCRIPTION 

In the following, Example embodiments of the present invention 
will be are described in greater detail below with reference 
to the figurco appended Figures . Before presenting the 
details of [ [the] ] a method of the preocnt invention hereof 
and of [ [the] ] a cutting tool of the preocnt invention hereof , 
however, a few conccpto aspects , to which reference will be 
made later, shall be defined mentioned below. 

When cutting a workpiece to be machined, the surface of the 
workpiece is to obtain a desired three-dimensional geometry. 
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This desired three-dimensional geometry on the surface of the 
workpiece is also called referred to as a freeform surface. 

The cutting of the workpiece to be machined occurs with the 
5 aid of a cutting tool, a so-called cutter. For purposes of 
machining the workpiece, the cutting tool or cutter is moved 
relative to the workpiece. The movement of the cutting tool 
or cutter relative to the workpiece is described by so-called 
tool coordinates, the tool coordinates defining the position 
10 of a tool reference point. The movement of the tool reference 
point in cutting the workpiece is called referred to as the 
tool path or cutting path. 

The cutting tool has a tool shank as well as a tool head 
15 attached to the tool shank. When cutting, the tool head comes 
into contact with the workpiece to be machined. The 
properties of a cutting tool are determined by several 
geometric parameters that are generally specified in a tool 
coordinate system. This tool coordinate system originates in 
20 the tool reference point, in which an axis or axis of symmetry 
of the tool shank intersects with one end or one tip of the 
tool head. Starting from this origin of the tool coordinate 
system, a first axis of the same runo extends in the direction 
of the axis of symmetry of the tool shank. The remaining axes 
25 of the tool coordinate system each extend perpendicular 

with respect to the latter. 

The parameters by which the properties of a cutting tool are 
defined in the tool coordinate system are in particular , e.g., 

30 a diameter or radius of the tool shank, a diameter or radius 
of the tool head, a horizontal coordinate of a radius center 
point of the tool head as well as a vertical coordinate of the 
radius center point of the tool head , etc . Parameters such as 
angles between line segments and horizontal or vertical axes 

35 of the cutting tool are possibly included as well, the 
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vertical axis running extending in the direction of the tool 
axis and the horizontal axis running extending perpendicularly 
with respect to this tool axis of the cutting tool. 

5 The cutting of a workpiece for producing a defined three- 
dimensional freeform surface occurs by so-called five-axes 
cutting. In five -axes cutting, the cutting tool may be moved 
along five axes relative to the workpiece to be machined. 
Three axes are used for the linear movement of the cutting 

10 tool relative to the workpiece such that every point in space 
may be accessed. In addition to this linear movement along 
the so-called linear axes, the cutting tool may also be moved 
around a swivel axis as well as a tilting axis for 
undercutting. Rotational movements of the cutting tool are 

15 possible along the swivel axis as well as the tilting axis. 
This makes it possible to access all points in space without 
collision. The swivel axis as well as the tilting axis are 
frequently also generally called referred to as rotary axes. 

20 Figure 1 ohowo illustrates a conventional cutting tool 10 ^ts- 

it io known from the related art and at it io that may be used 
in accordance with the related art conventional systems for 

cutting freeform surfaces on workpieces. 

25 Cutting tool 10 as ohown illustrated in Figure 1 has a tool 

shank 11 as well as a tool head 12 attached to tool shank 11. 
Tool shank 11 has a diameter d s and a radius r s , where r s =d s /2. 
Tool head 12 has a radius r K , radius r K of tool head 12 
corresponding to radius r s of tool shank 11 in the case of the 

30 cutting tool ohown illustrated in Figure 1. Accordingly, for 
cutting tool 10 [[of]] illustrated in Figure 1, rK=rS=dS/2 . 
Such a cutting tool is also called referred to as a spherical 
cutter. As can bo gathered from illustrated in Figure 1, tool 
head 12 does not protrude laterally beyond an outer lateral 

35 surface of tool shank 11. 
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Figure 1 furthermore ohowo illustrates an axis 13 of tool 
shank 11. Axis 13 of tool shank 11 intersects one end or one 
tip of tool head 12 at a point 14, point 14 forming a point of 
5 origin for a tool coordinate system. 

Figure 2 ohowo illustrates a cutting tool 15 according to an 
example ^odiment of the present invention. Cutting tool 15 
according to the prcocnt — invention in turn hao includes a tool 
10 shank 16 and a tool head 17 attached to tool shank 16. 

Furthermore, Figure 2 again ohowo illustrates an axis or axis 
of symmetry 18 of tool shank 16 as well as a point 19, at 
which axis of symmetry 18 of tool shank 16 intersects one end 
or one tip of tool head 17. 

15 

In accordance with the prcocnt invention, — a A radius R K of tool 
head 17 is greater than a radius R s of tool shank 16. 
Therefore: R K >Rs- Also in cutting tool 15 according to the 
prcocnt invention , tool head 17 does not protrude laterally 
20 beyond an outer lateral surface of tool shank 16. 

As can be gathered from illustrated in Figure 2 , radius R K of 
tool head 17 is clearly greater than radius R s of tool shank 
16, particularly e.g. , greater than the double radius R s of 
25 tool shank 17 or its diameter D s . Therefore: R K >>Rs. 

Thus^ Figure 2 ohowo illustrates that a radius center point 2 0 
of tool head 17 of cutting tool 15 according to the prcocnt 
invention does no longer not lie in a region of the tool 

30 shank, as in the case of spherical cutter 10 ohown illustrated 
in Figure 1, but rather outside of the same. The position of 
radius center point 2 0 is determined by a horizontal 
coordinate E and a vertical coordinate F in the tool 
coordinate system, a point of origin of this tool coordinate 

35 system lying in point 19. 
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At thio point it It should be noted that although radius R K of 
tool tip 17 is in any event greater than radius R s of tool 
shank 16, it is however smaller than a smallest radius of 
5 curvature of the freeform surface to be cut. This cnourco may- 
ensure on the one hand that there is a low residual line 
formation and that the line spacing during cutting is thereby 
increased and the cutting time reduced. On the other hand, 
collision-free machining of the workpiece [[is]] may be 
10 ensured. 

According to the prcocnt invention, — cutting Cutting tool 15 e# 
the prcocnt invention io may be used for manufacturing 
rotationally symmetric, disk-shaped or ring-shaped components. 
15 These components [ [are] ] may be rotor disks having integrated 
blading, i.e.^ so-called bladed disks, which are also referred 
to as blisks. These [[are]] may be used in aircraft engines. 

Furthermore, a new method according to the prcocnt invention 
20 for cutting freeform surfaces on workpiccco io to may be 
provided by the prcocnt — invention hereby . When cutting 
freeform surfaces, cutting tool 15 cuts a workpiece [[in]] 
such a way that the desired freeform surface [ [is] ] may be 
obtained. For this purpose, cutting tool 15 is moved along 
25 several defined cutting paths relative to the workpiece (not 
shown) . According to the prcocnt invention, — cutting Cutting 
tool 15 as shown illustrated in Figure 2 [[is]] may be used. 

In accordance with an advantagcouo refinement of the method 
30 according to the prcocnt — invention, — f irot First cutting paths 
as ohown illustrated in Figure 1 [ [are] ] may be produced in a 
first step with the aid of spherical cutter 10 if a CAM system 
used does not support special cutters. In the caoc of For 
spherical cutter 10 as ohown illustrated in Figure 1, radius r K 
3 5 of tool head 12 corresponds to radius r s or half of diameter d s 
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of tool shank 11. Spherical cutters 10 of thio kind are 4r& 
any event supported by ^fc-he a conventional CAM system ao it io 
known from the related art . From these first cutting paths, 
second cutting paths are then produced in a second step for 
5 the specific cutting tool to be used, whose radius R K of tool 
head 17 is greater than radius R s of its tool shank 16. The 
cutting tool opecif ically to be used io thuo the opecial may 
be a cutter in accordance with the prcocnt invention hereof. 

10 Normal vectors of the workpiece surface to be cut are produced 
for ascertaining the second cutting paths for cutting tool 15 
to be used from the first cutting paths that were produced by 
using spherical cutter 10. The first cutting paths arc made 
up of include a plurality of support points, a normal vector 

15 of the workpiece surface to be cut being produced for each 

support point of the first cutting paths. For producing the 
second cutting paths for the specific cutting tool 15 to be 
used, the support points of the first cutting paths are 
shifted relative to the corresponding normal vectors, that is, 

20 in the direction of the normal vectors. For this purpose, the 
support points are shifted by the difference between radius r K 
of tool head 11 of spherical cutter 10 and radius R K of tool 
head 17 of the cutting tool 15 of the prcocnt invention 
actually to be used. Expressed in other words, the support 

25 points are shifted [ [in] ] such a way that a point of contact 
of the cutting tool 15 to be used on a surface of the 
workpiece to be cut corresponds to the point of contact of 
spherical cutter 10 and is always in the region of the radius 
of the tool head of the cutting tool 15 to be used. 

30 

In this shifting of the support points, the coordinates that 
describe the position of the radius center point 20 of tool 
head 17 of cutting tool 15 of the prcocnt invention are taken 
into account. As already mentioned above, this radius center 
35 point 20 of cutting tool 15 according to the prcocnt invention 
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no longer lies on axis 18, but is rather defined by horizontal 
coordinate E and around vertical coordinate F. On the basis 
of these characteristic quantities and the corresponding 
characteristic quantities of spherical cutter 10^ it is 
5 possible to perform the shift of the support points. 

Consequently, according to the method of the prcocnt 
invention , first cutting paths are produced, preferably e .g. , 
in a first step, with the aid of a spherical cutter, the 

10 radius r K of the tool head corresponding to the radius r s . of 

the tool shank. These first cutting paths serve as ancillary 
cutting paths. For according to the prcocnt — invention it It 
is not a spherical cutter that is to be used, but rather a 
cutting tool according to the prcocnt invention in which the 

15 radius R K of the cutter head is greater than the radius R s of 
the cutter shank, without however the tool head laterally 
protruding beyond an outer lateral surface of the tool shank. 
Of couroc, — fcfee The ancillary cutting paths are produced with 
the aid of a spherical cutter in which the radius r s of the 

2 0 cutter shank corresponds to the radius R s of the cutter shank 
of the tool of the prcocnt invention actually to be used. The 
actual cutting paths for the cutting tool of the prcocnt 
invention are then produced from these ancillary cutting 
paths. This is done by shifting the support points of the 

25 ancillary cutting paths in the direction of the normal vectors 
of the workpiece surface to be cut. The shift occurs by 
taking the radius r s or the diameter d s of the tool shank of 
the spherical cutter into account, these parameters 
corresponding to the radius R s or the diameter D s of the tool 

30 shank of the cutting tool of the prcocnt — invention to be used. 
Furthermore, the shift of the support points occurs by using 
radius R K of the tool head of the cutting tool according to the 
prcocnt invention and by using the radius center points of the 
tool heads of the spherical cutter and the cutting tool 

35 actually to be used. By a simple subtraction of the 
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corresponding geometric parameters^ it is possible to 
determine the magnitude of the shift of the support points. 

With the aid of the prcocnt invention it It is possible #ea? 
5 the firat time to use cutting tools in the cutting of complex 
freeform surfaces on blisks, the tool heads of which have a 
greater radius than the tool shank of the cutting tool. This 
allowo may allow for a greater line spacing to be set in the 
cutting process. The time required for cutting [[is]] may be 
10 reduced. The effectiveness of the cutting process [[is]] may 
be increased. 
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Abotract 
ABSTRACT 

The prcocnt invention rclatco to In a method for cutting 
freeform surfaces [ [.] ]^ a 

[ [A] ] workpiece is cut by a cutting tool (15) — i** such a way 
that a desired freeform surface [ [is] ] may be achieved, the 
cutting tool (15) for cutting purposes being moved along at 
least one defined cutting path relative to the workpiece. 

According to the prcocnt invention, — a A cutting tool (15) is 
used, the tool head (17) of which has a greater radius than a 
tool shank (16) of the cutting tool (15) . (Fig. 2) 
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